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CONSTRUCTION  AND  OPERATION  OF  THE  WIRE 
DRAG. 

INTRODUCTORY. 

The  Coast  and  Geodetic  Survey  begun  the  survey  of  our  coastal 

waters  with  the  wire  drag  in  1004  and  has  carried  on  the  work  con- 
nuoii^ly  since  that  time.  The  first  apparatus  was  patterned  after 

the  drag  used  at  that  time  by  the  Corps  of  Engineers,  United  States 
Army,  on  the  Great  Lakes,  which  in  turn  was  an  improved  form  of 

the  long-rope  sweep  introduced  by  French  hydrographers.  The  Sur- 
vey has  gradually  developed  and  perfected  the  equipment  and 

methods  of  operation  used  for  this  work  until  at  the  present  time  the 

improved  wire  drag  is  a  very  efficient  mechanism  when  skillfully 

operated. 
The  earlier  developments  of  the  drag  to  meet  the  requirements  for 

[•oast  \\ork  are  described  in  Appendix  (5.  Report  of  the  Superintend- 
ent of  the  Coast  and  Geodetic  Survey  for  1905,  and  in  Appendix  7 

of  the  report  for  1007.  The  Description  of  Long  Wire  Drag,  pub- 
lished in  1910,  and  the  revised  edition,  published  in  1914,  give  the 

neral  details  concerning  equipment  and  methods  used  at  that  time. 
This  last  edition  is  now  exhausted  and,  as  a  number  of  improvements 

and  changes  in  practice  have  been  made  since  the  date  of  its  publi- 
ation.  it  will  not  be  reprinted. 

The  Survey  receives  frequent  requests  for  information  concerning 

the  details  of  its  wire-drag  work  from  foreign  countries,  other  or- 
ganizations of  our  Government,  and  from  private  interests.  To  sup- 

ply >nch  information  to  all  those  who  may  be  interested,  by  describ- 
ing in  a  comprehensive  manner  the  equipment  and  methods  of  opera- 

tion used  at  the  present  time  for  wire-drag  work,  is  the  object  of 
this  publication.  It  is  illustrated  by  photographs  and  drawings  of 

equipment  used  on  the  Atlantic  coast.  A  description  of  minor  modifi- 
cations that  have  been  found  necessary  in  order  to  meet  special  con- 
ditions in  Alaska  may  be  had  in  Special  Publication  Xo.  34  of  the 

ou-t  and  Geodetic  Survey,  and  a  general  di-cussion  concerning 
wire-drag  work  on  the  Atlantic  coast  is  given  in  Special  Publication 
Xo.   !>!•. 
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6  U.    S.    COAST   AXD   GEODETIC    SURVEY. 

PURPOSE  OF  THE  WIRE  DRAG. 

The  wire  drag  was  adopted  as  a  means  of  supplementing  standard 

methods  of  hydrographic  surveying,  whereby  it  would  be  possible 
to  discover  and  chart  all  obstructions  of  small  extent,  such  as  pin- 

nacle rocks,  bowlders,  sharp  ledges,  and  coral  formations.  Such  ob- 
structions are  especially  dangerous  to  navigation,  and  it  had  become 

evident  that  it  is  only  by  chance  they  are  found  during  the  course  of 

an  ordinary  hydrographic  survey  by  which  soundings  are  obtained  at 
only  certain  points  over  a  given  area. 

As  a  result  of  successive  improvements  the  drag  is  now  adapted  tc 

the  different  requirements  of  three  classes  of  work — first,  to  deter- 
mine whether  an  apparently  open  sea  is  free  from  obstructions;  see 

ond,  to  find  all  obstructions  in  a  shoal  area ;  and  third,  to  develop  th 
maximum  safe  depth  in  a  channel. 

The  drag  has  been  used  on  the  coasts  of  New  England,  Alaska 
Florida,  Porto  Rico,  the  Pacific  coast,  and  in  the  approaches  to  tin 
Panama  Canal.    That  it  fulfills  its  purpose  is  shown  by  the  fact  that 
in  the  4,000  square  miles  of  water  area  dragged,  over  3.f>00  uneharte 
obstructions  have  been  discovered. 

CONSTRUCTION. 

The  wire  drag  (fig.  1)  con-i-ts  ..!'  a  wire,  called  tlie  bottom  wire 
maintained  at  any  desired  distance  below  the  water  surface  b 
weights  suspended  by  cables  from  buoys  that  float  on  the  siirfac 
This  wire  is  made  up  in  100-foot  units,  to  each  end  of  which  is  fitte 

a  special  socket.  A  number  of  units,  -iif'ieient  to  make  the  desirei 
length  of  drag,  are  connected  by  swivels.  The  weights  are  attache^ 
to  the  wire  at  regular  intervals  of  from  300  to  <><><>  feet,  depending* 
on  the  nature  of  the  work  and  the  total  length  of  drag. 

The  cables,  or  uprights,  as  they  arc  called,  connecting  weight-,  am 
buoys  are  graduated  to  feet   and   pass  through  a  central   pipe  to  a 
drum  on  the  top  of  each  buoy,  so  that  the  distance  of  the  wire  helowi 
the  surface  can  be  adjusted  at  any  time  to  conform  to  the  bottom; 

contours,  as  shown  by  lead-line  surveys,  and  to  the  rise  and  fall  oq| 
the  tide. 

Metal  floats  that  will  just  support  the  weight  of  100  feet  of  wii 
are  attached  at  each  swivel  connection  between  the  weights.     Whei 
the  drag  is  towed  and  the   wire  is  under  tension   their   action   is 

negligible,  but  when  the  drag  is  not  under  way  they  keep  the  wii 
from  sagging  between  weights  and  catching  on  the  bottom. 

For  the  sake  of  clearness  the  following  definitions  of  terms 
in  wire-drag  work  are  given : 
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8  U.   S.    COAST   A^D  GEODETIC    SURVEY. 

Length  of  upright. — The  distance  from  the  water  line  of  the  buo\ . 
when  the  drag  is  at  rest,  to  the  point  of  attachment  of  the  upright 
to  the  bottom  wire. 

Drag  depth. — The  distance  between  the  water  surface  and  the  bot- 
tom wire  when  drag  is  under  way. 

Effective  depth. — The  distance  between  the  plane  of  reference, 
such  as  mean  low  water,  and  the  bottom  wire  when  drag  is  under  ̂  
way. 

Length  of  drag. — Length  of  bottom  wire  between  ends  of  drag. 
Section. — That  part  of  the  drag  between  two  uprights. 
Unit. — The  part  of  the  bottom  wire  between  sockets  which  breaks; 

its  continuity. 

BOTTOM   WI1IK. 

Double-galvanized.    7-strand.    steel    wire,   one-eighth   of    an    inc 
in  diameter,  with  a  tensile  strength  of  about  2,000  pounds,  is  usedil 

for  the  bottom  wire.    This  wire,  which  can  be  obtained  in  any  con-}] 
tinuous  length  desired,  is  cut  up  into  100-foot  lengths  and  a  special 
drop-forged,  open  socket    (fig.  2)    is  attached   at  each  end  by  the 
Eoebling  method.     In  this  method  the  end  of  the  wire  is  passed1 
through  the  socket  and  the  win-  is  seized  \\  ith  sail  twine  at  a  distance 
back  from  the  end  equal  to  the  length  of  the  butt  of  the  socket.    The 

wires  beyond  the  seizing  are  then  unstrmded  and  bent  out  radially:1 
from  the  seizing.    After  removing  the  galvanizing  from  these  wires 
by  immersion  in  acid,  they  are  drawn  back  flu.-h  into  the  socket  and 
the  butt  is  filled  with  pure  commercial  /.inc  melted  in  a  ladle.     An 

improvement  on  this  method  i-  made  by  crimping  the  ends  of  eac 
wire. 

In  regions  of  strong  currents,  where  heavy  boats  are  used,  a  st rouge 
wire  may  be  required,  in  which  ca-e  \\ire  three-sixteenths  of  an  inc 
in  diameter  may  be  used. 

Bottom  wire  units  are  connected  by  one-fourth  inch  galvanized 
drop-forged,  steel  swivels.  T<>  facilitate  attachment  of  floats  an( 

weights,  a  link  of  one-fourth  inch  round  iron,  about  :'.  inches  long,  i 
welded  into  one  of  the  eyes  in  each  swivel. 

I.AIHJK   AM)    S.MAI, I.    WKM-IIT». 

The  shape  and  dimensions  of  the  large  weigln.  which  weighs 

pounds,  are  shown  in  figure  2.    The  bodic-  of  all  weights  are  cast-iroi 
spheres,  with  one  flat  surface  to  prevent   rolling  about    deck  in  a 
seaway. 

The  small  weight  (fig.  2)  weighs  35  pounds.     For  attachment  t( 
the  wire  one  side  of  the  staple  is  formed  by  a  hinged.  In  as-  rod. 
slotted  sleeve  slides  on  this  rod  and  fits  into  a  -ection  of  Lrahaniz( 
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pipe,  cast  in  the  sphere.  When  the  pin  in  the  rod  engages  the  right- 
hand  slot  the  sleeve  can  be  lifted  far  enough  to  swing  clear.  When 
the  staple  is  closed  the  sleeve  is  turned  so  that  the  pin  engages  the 
left-hand  slot,  which  locks  the  staple. 

LARGE  AND  SMALL  lU'OYS. 

The  design  and  dimensions  of  the  large  buoy,  which  weighs  about 
180  pounds,  are  shown  in  figures  3  and  4.  This  buoy  is  constructed 
of  No.  17  galvanized,  rustproof  iron,  except  the  top  plate,  which  is  of 
three-sixteenths  inch  galvanized  boiler  plate.  All  joints  are  either 
riveted  and  soldered  or  electrically  welded  to  make  the  buoy  abso- 

lutely water-tight,  and  it  is  strengthened  against  crushing  by  internal 
bracing.  For  passage  of  the  upright,  a  central  galvanized  pipe.  1J 
inches  in  diameter,  passes  through  the  buoy  and  extends  through  the 
top  and  bottom.  This  pipe  is  held  in  place  by  internal  and  external 
lock  nuts,  and  its  projecting  ends  are  threaded  to  hold  bell-shaped 
leaders.  When  in  use  the  buoy  is  protected  by  rope  netting  in  which 
an  eye  is  provided  for  towline  attachment. 

The  essential  parts  of  the  hoist  (fig.  4)  are  the  iron  standard,  with 
a  hole  in  its  base  to  fit  over  the  pipe,  and  the  upper  and  lower  shafi- 
with  brass  -4-to-l  reducing  gears.  The  upright  winds  on  the  lower 
shaft,  which  is  converted  into  ;i  drum  by  two  brass  flanges.  The 
hoist  is  operated  by  turning  the  upper  >haft  with  a  removable  iron 
crank.  This  shaft  is  provided  with  a  l>ra-s  rachet  that  is  engaged  by 
a  brass  dog  to  lock  the  hoist.  The  hoi-t  is  attached  to  the  buoy  by 
six  machine  bolts  that  screw  into  threaded  holes  in  the  top  plate. 
Wooden  washers  are  insert  ed  between  the  hoist  and  buoy  top  on  till 
buoys.  A  protective  framework  of  ?tra|>  iron  is  provided  on  the 
top  of  the  large  buoys. 

The  small  buoy  (figs.  3  and  4),  which  weighs  about  »',()  pounds.  i> 
constructed  of  rustproof  iron,  three  thirty-seconds  of  an  inch  thick. 
with  a  top  of  one-eighth  inch  boiler  plate.  All  joint-  are  electrically 
welded  to  make  the  buoy  water-tight.  It  is  provided  with  internal 
bracing,  and  a  central,  extra-heavy,  galvani/ed  three-fourths  inch 
pipe,  as  for  the  large  buoys.  After  the  con-t  ruction  of  the  buoy  U 
completed  it  is  galvanized.  This  buoy  must  stand  submerging  to 
50  feet  without  crushing. 

The  iron  frame  of  the  hoist  is  curved  in  such  a  manner  that  a  line 

projected  from  the  center  of  the  pipe  will  fall  halt'wav  between  the 
drum  core  and  the  outside  of  the  flange.  The  inside  distance  be- 

tween the  frame  uprights  is  2  inches.  The  drum,  which  is  keyed  to  | 
the  shaft,  consists  of  a  hardwood  core,  1T75  inches  u  idc  and  :'.  inches 
in  diameter,  to  which  galvanized-iron  flanges.  7  inches  in  diameter, 
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12  U.   S.    COAST  AND  GEODETIC    SURVEY. 

are  attached  by  countersunk  screws.  A  ratchet  and  locking  dog  is 
provided  on  each  hoist.  All  dogs  have  spring  pins  that  engage  a 
hole  in  the  frame  and  hold  the  dog  against  the  ratchet. 

On  the  bottom  projecting  pipe  is  screwed  a  '-use  hardened  steel 
leader,  with  a  bell-shaped  mouth  to  prevent  chafing  of  the  upright. 
This  leader  should  be  about  4  inches  long  and  2^  inches  in  diameter, 
as  it  must  have  enough  weight  to  steady  the  buoy  in  the  water. 

A  rope  lanyard  is  attached  to  each  buoy  to  secure  the  buoy  when 
making  depth  changes. 

The  old  bucket  type  of  small  buoy  is  still  used  to  some  extent,  but 

the  later  type,  described  above,  ha^  many  points  of  superiority. 

FLOATS. 

During  the  past  few  years  wooden  floats  have  been  superseded  by 
hollow,  metal  floats  of  various  designs.  The  one  that  has  proved 
to  be  most  satisfactory  is  described  below,  and  may  be  considered 
as  standard. 

This  float  is  shown  in  figure  2.  It  is  constructed  of  aluminum 

plate  and  is  hollow.  It  is  strengthened  by  corrugations  and  an 
internal  web,  as  it  must  stand  submerging  to  200  feet  without  crush- 

ing. The  float  is  attached  to  the  bottom  wire  l>v  a  Xo.  1  swivel-eye, 
tinned,  harness  snaphook,  shackled  to  the  small  bale  at  tin-  cud  of 
the  float  with  a  one-fourth  inch  pilvani/ed.  screw  anchor  shackle. 

A  welded  iron  float,  which,  of  course,  is  much  heavier,  has  also 

been  used,  and,  if  metal  floats  can  not  be  obtained,  the  old-style 
cedar  float  can  be  used  to  advantage  with  drag  depth-  of  50  feet  or 
less.  Wooden  floats  must  be  treated  before  u-ing  by  boiling  in  oil 
or  tallow. 

vn:n;in  8. 

For  the  small-buoy  uprights  three-sixteenths  inch,  extra-flexible, 
steel-wire  rope  is  used.  This  rope  consists  of  <>  strands  of  10  wires 
each.  The  buoy  drum  will  hold  <>:»  feet  of  this  rope,  and  the  uprights 
are  consequently  made  up  in  this  length.  The  rope  i-  cut  in  <>7-foot 
lengths  to  allow  for  spare  rope,  and  a  five-sixteenths  inch  galvani/ed. 
drop-forged  swivel  is  attached  to  one  end  of  each  length  with  a 
served  clove  hitch.  The  reference  point  on  all  buoy-  i-  ihe  top  of 
the  central  pipe,  and  it  is  therefore  necessary  to  begin  I  he  graduation 
at  a  distance  from  the  swivel  equal  to  the  height  of  the  pipe  top 
above  the  water  surface  when  the  drag  is  at  rest  (see  definition  of 
length  of  upright).  Beginning  at  this  point  the  upright  is  painted  in 

10-foot  divisions — black,  white,  red, blue, black,  white,  red.  in  the  order 
named.  Each  division  is  subdivided  into  2-foot  length-  by  insert  MILT 
four  colored  rags  in  the  same  order,  and  intermediate  feet  are 
marked  by  serving  with  sail  iwine.  With  thi-  -y-tem  of  ̂ r 
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Tin:  \\'\\\\:   in:  \<;. 

1.°, 

lion,  bringing  the  junction  of  the  red  and  him-  division-  to  the  refer- 

ence point  gives  an  upright  length  of  ."><>  feet:  (lie  rod  rag  on  the 
blue  division  gives  a  .'W-foot  upright,  etc. 

For  drag  dopths  over  <'..")  feet,  supplemental,  lixed-longlh  uprights 
are  attached  to  the  painted  uprights.  These  uprights  have  a  harness 
snap  attached  to  one  end  and  a  swivel  to  (lie  other.  Their  length 
depends  on  the  nature  of  the  work.  On  the  Atlantic  coast,  where 
the  maximum  drag  depth  is  100  feet  and  the  tidal  range  not  over  IT> 

feet,  two  complete  sets,  one  20  and  the  other  30  feet  long,  are  pro- 
vided. 

The  large-buoy  upright  is  made  of  three-sixteenths  inch  galvanized 
cable  chain.  It  it  graduated  in  the  >ame  manner  as  the  small  up- 

rights, except  that  as  the  drum  will  hold  only  45  feet  of  chain  the 

two  lower  colored  divisions  are  replaced  by  a  -20-foot  length  of  five- 

Fig.  5.— STEEL  TOWLINE  ARRANGEMENT. 

sixteenths  inch  steel- wire  rope,  i  in  [tainted.  To  correspond  with  the 
small  uprights,  the  first  colored  division  on  the  chain  is  therefore 
red.  This  upright  is  attached  to  the  top  of  the  rod  on  the  large 
weight,  and  it  has  been  found  that  when  dragging  the  weight  and 

rod  form  an  angle  of  20°  with  the  horizontal.  The  index  correction 
for  the  large  upright  is  therefore  obtained  by  subtracting  one-third 
of  the  total  length  of  the  weighi  from  the  height  of  the  reference 
point  above  the  water  surface. 

TOWLINES. 

The  towline  (fig.  5)  at  each  end  of  the  drag  consists  of  two  part-, 
one  of  rope  and  one  of  metal.  The  rope  towline  will  be  docribed 

later.  For  the  metal  towline  galvanized,  steel-wire  rope,  five-six- 
teenth;- inch  in  diameter,  i-  u-.-d.  This  rope  is  made  up  in  100-foot 

units,  at  each  end  of  which  an  eye-splice  is  laid  over  a  wire-rope 
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thimble.  A  five-sixteenths  inch  swivel  is  inserted  in  one  eye  of 

each  unit,  and  the  units  are  connected  by  five-sixteenths  inch  shackles. 
The  towline  consists  of  a  bridle  and  a  straightaway.  The  object  of 

the  straightaway  and  the  lower  part  of  the  bridle  is  to  transmit 
the  tension  from  the  towing  launches  to  the  drag,  while  the  upper 
part  of  the  bridle  serves  to  keep  the  large  buoy  directly  over  the 
weight  and  to  insure  an  invariable  towline  base.  For  attachment  to 
the  large,  buoy,  a  Xo.  5  swivel-eye,  galvanized-iron  snaphook  is 
shackled  to  the  free  end  of  the  upper  bridle.  Floats  are  attached  to 
the  towline  for  the  same  purpose  as  on  the  bottom  wire.  A  towline 
from  300  to  500  feet  long  is  used,  depending  on  conditions,  which 
will  be  discussed  later. 

DRAG    LENGTHS. 

Lengths  of  drag  under  3,000  feet  are  rarely  used  except  in  channels 
with  less  width  than  this.  The  following  table  gives  information 
relative  to  drag  lengths  in  ordinary  use : 

• 

m. 

i 
\ 

Length  of  drag.                                       Action?' width. 

Conditions. 

n*t 

Less  than  3  000  feet 

y.<t. 

Nurrow  channels. 
3,000  feet                                                                                         300 

Very  broken  bottom. 4,000  feet                                                                                               400 Broken  bottom. 
5,000  feet                                                                                         .r>00 

4    .VH) 1  airlv  clo.'ir  hoiiom. 
' 

6,000  feet  and  over    J'ft'p  water. 

~r               ,  i              i>      i                p            i                                                 i 

Lengths  of  drag  for  deep-water  work  are  commonly  9,000,  12,000, 
and  15,000  feet,  depending  on  the  area  to  be  covered  and  the  current 
velocity.  A  drag  24,000  feet  long,  towed  by  four  launches.  has  been 
used;  but  the  above  lengths  are  about  all  that  can  be  handled  witli 
the  two  towing  launches  used  by  each  party. 

LIST   i  IF    I'AIJTS. 

The  following  list  gives  the  amount,  cost,  and  life  of  equipment 
necessary  for  a  15,000-foot  drag  with  no  spare  parts.  Costs  have 
increased  considerably  during  the  past  few  years  and  always  depend 
somewhat  on  the  locality  where  the  equipment  is  obtained;  likewise, 
the  life  of  equipment  depends  on  the  nature  of  the  work  and  other 
conditions,  so  that  the  data  under  these  headings  is  given  only  to 
convey  a  rought  idea  concerning  them.  The  amount  of  spare  equip- 

ment necessary  depends  on  the  nature  of  the  work  and  the  distance 
of  the  party  from  dealers  and  from  other  parties.  Under  ordinary 
conditions,  when  the  maximum  length  is  used  infrequently  and  re- 

placement can  be  made  without  undue  delay,  a  100  per  cent  surplus 

• 

: 
- 

] 

; 



Co 

St. 

Quantity. 
Vrtiele. 

Unit. 
Total. 

15  000  feet Bottom  wire       .                        
$0.012 $180.00 12month-. 

') 
Large  weights..          

12.00 24.00 
Indeh 21 Smallweights    6.00 144.00 Do. •> 

Large  buoys,  complete    80.00 
1  GO.  Ik) 24  months. 

21 Smallbuovs,  complete    40.00 960.00 Do. 
tj B  uov  cranks.  ...          1.50 

9.00 12  months. 
145 Floats      

3.00 
435.00 Do. 

3  OOOfei't •j'j-inch  wire  rope  (upright:-)    
.07 210.00 6months. 

1  500  feet ^-inch  wire  rope  (towlines)    .08 
120.00 

Do. 100  feet A-inch  chain    

.12 

12.00 18  months. 
300 Sockets..     .             

.30 
90.  00 24montl:  . 1.51 J-inch  swivels  with  links    .35 52.85 Indefinite. 

100 A-inch  swivels       .                             .30 
30.00 Do. 

200 Harness  snaphooks                  
.15 

30.00 12  months. 
2 No.  5  snaphooks    

.60 
1.20 3  months. 

150 J-inch  shackles  ....                        
.20 

30.00 Ju'lrlinite. 

r1 •j'j-inch  shackles    .25 3.00 Do. 
12 iVinch  shackles                                            

.30 
3.  GO 

Do. 30 Wire-rope  thimbles.  . .01 
1.20 

G  month-. 
Rough  total                                   

2,500.00 

THK    \VIKK    I  )ll AC. 

If) 
of  large  buoy>.  large  weights,  \\iiv  r<>[>"  and  chain,  ami  a  HI  JMT  <vni 

surplus  of  other  material  will  probably  be  ample. 

All  wire  rope,  chain,  and  fittings  must  be  galvanize' 1. 

LAUNCHES. 

The  drag  is  towed  by  two  launches,  the  launch  from  which  the  work 

is  directed  being  called  the  "  guide  launch,"  while  the  other  is  called 
the  "  end  launch."  A  smaller  launch  is  used  as  a  tender  to  patrol  the 
drag,  change  its  depth,  clear  it  from  shoals,  remove  fishing  gear  from 

its  path,  etc.  One  or  twTo  small  dinghies,  equipped  with  engines,  are 
used  chiefly  to  sound  on  shoals,  though  they  may  assist  the  tender 
with  other  work  at  times. 

GUIDE   AM)   END   LAUNCHES. 

A  description  of  the  launch  designed  by  the  Survey  for  its  drag 
work  (fig.  6)  will  give  an  idea  of  the  requirements.  This  launch  has  a 
flush  deck  with  a  pilot  house  forward.  It  is  strongly  constructed  of 

southern  pine.  It  has  quarters  forward  for  two  men  and  a  large  aftei •- 
hold  for  storage  of  equipment  when  the  party  changes  headquarters. 
Two  important  features  of  a  satisfactory  wire-drag  launch  are  an 
arrangement  for  one-man  control  when  setting  out  and  taking  in 
drag,  and  the  location  of  the  exhaust  at  some  point  where  the  ex- 

haust vapors  will  not  interfere  with  observing  and  plotting  angle-. 
The  dimensions  of  the  launch  are  as  follows:  Length,  GO  feet  :  beam, 
14  feet ;  draft.  3  feet  7  inches  :  depth,  7  feet ;  freeboard,  forward.  G  feet 

9  inches;  freeboard,  aft,  4  feet.  It  is  propelled  by  two  40-horsepower, 
4-cycle,  4-cylinder,  gasoline  engines.  Power  for  towing  is  reduced 
by  using  only  one  engine:  while  on  the  runs  to  and  from  the  work. 
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)oth  engines  are  available  to  increase  the  speed  and  reduce  the  un- 

Droductive  part  of  the  day's  work.  This  launch  can  a  No  be  u-ed  as 
in  end  launch,  or  a  smaller  launch  of  the  same  type  may  be  used. 

I'he  length  of  the  end  launch,  however,  should  not  be  less  than  40 
Vet  and  the  speed  should  equal  that  of  the  guide  launch. 

TENDERS. 

The  tender  should  be  an  open  launch  of  the  ablest  possible  type,  as  it 
nust  stand  the  same  weather  as  the  larger  launches  and  be  capable 

if  replacing  one  of  them  in  emergencies.  The  outboard  profile  of  the, 
ender  adopted  by  the  Survey  is  shown  in  figure  G.  This  launch  has 
Miiall  cruiser  cabin  forward,  a  self-bailing  cockpit,  and  is  heavily 

•onstructed.  It  is  propelled  by  one  28-horsepower,  4-cycle,  4-cylinder, 
gasoline  engine.  Its  dimensions  are  as  follows:  Length,  30  feet  2 
nches ;  beam,  7  feet  8  inches ;  draft,  3  feet  2  inches.  The  sounding 
enders  should  be  of  the  dinghy  type,  14  to  16  feet  long.  They  are 

propelled  by  2-horsepower  gasoline  engines  and  are  equipped  with 
•owlocks  and  oars. 

OPERATING  EQUIPMENT  ON  LAUNCHES. 

The  greater  part  of  the  operating  equipment  is  installed  on  the 

owing  launches.  This  equipment  consists  of  power  reels,  an  ar- 
•angement  of  platforms  and  rollers  at  the  bow  and  stern  over  which 
he  wire  passes,  signaling  apparatus,  buoy  rack,  drafting  table,  and 
niscellaneous  items. 

GUIDE  AND  END  LAUNCH  EQUIPMENT. 

The  arrangement  of  equipment  on  the  guide  launch  is  shown  in 
igure  7.  The  essential  parts  of  the  power  reel  (fig.  8)  are  the  drum, 
livided  into  two  compartments  for  towline  and  wire  and  securely 

<cyed  to  a  sljaft  which  carries  two  27-tooth  sprockets  keyed  to  its 
outboard  end;  a  supporting  frame  of  wrought  angle  iron  suitably 
jraced,  which  carries  bearings  for  the  shaft;  an  external  contracting 
irake,  with  its  drum  secured  to  the  reel  drum;  and  the  various 

iperating  levers.  Handles  are  attached  to  the  inboard  drum  f!ai:"j- 

'or  turning  the  reel  by  hand,  and  holes  aiv  provided  in  the  oiitboa.d 
inge  for  attachment  of  similar  handles  in  case  of  engine  failure. 

Power  is  transmitted  to  the  reel  through  a  jack-haft,  which  is  in  two 

•arts,  connected  by  a  one-way  (dutch,  and  i>  -upported  by  three  lloor- 

-tand  bearings  bolted  to  the  deck.  On  the  inboard  end  of  thN  :-h:ii't 
-  keyed  a  27-tooth  sprocket,  which  i-  connected  by  a  sprocket  chain 
:o  a  sprocket  on  the  shaft  of  a  5-horsepo\ver.  horizontal,  douhle- 
lywheel  type,  ̂ a-oline  engine  in  the  hold.  On  the  outboard  end  of 

10G4220— 19   3 
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Qvftng  toprvtcct. 
dec* 

/nfermediate  rtpe 
'    sect/on 

^  Cat,.'  for  hoisting  farye  buoy 

Fig.  7.— ARRANGEMENT  OF  EQUIPMENT  ON  GUIDE  LAUNCH. 



Special  Publication  Ni.  56. 

Fig.  8.— GUIDE  LAUNCH   SETTING  OUT  DRAG;    POWER   REEL;  SEMAPHORE  MACHINE. 
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this  shaft  (wo  sprockets,  with  '.»  and  ̂ 0  teeth,  respectively,  turn 

freelv.  IVtween  these  sprocket  >-•.  which  an-  connected  with  corre- 

onding  upper  sprockets  by  chain.  i<  a  double-jaw  clutch  slidini:  on 

a  key  on  the  -hat't.  By  means  of  a  lever  this  clutch  can  be  placed  in 

ti  neutral  position  or  engaged  with  a  jaw  cast  on  cadi  of  the  sprocket  -. 

AYhen  this  clutch  enii'a^es  the  small  sprocket  and  the  one-way  clutch 
is  thrown  in,  the  reel  drum  turns  at,  about  70  revolutions  per  minute. 

AY  hen  it  ei  lira  ires  the  large  -prorket  the  drum  turns  from  1  10  to  !<'•() 
revolutions  per  minute.  To  stop  the  reel,  the  one-way  clutch  is 

thrown  out  and  the  brake  applied.  All  levers  are  brought  close  to- 
"•ether  back  of  the  reel  on  the  outboard  :-ide,  so  that  one  man  can D 

operate  them.  The  brake-lever  arrangement  is  considerably  simpli- 
fied by  attaching  the  brake  drum  to  the  outboard  flange  of  the  reel 

drum.  Xo.  62  pressed-steel  sprocket  chain  is  used.  In  constructing 
this  reel  care  must  be  taken  to  insure  considerable  bearing  surface, 

for  all  keys,  and  the  reel,  jaekshaft,  and  engine  must  be  securely 
bolted  in  place. 

The  Survey  has  just  begun  the  use  of  twin-screw  boats,  and  it  is 
believed  that  the  reel  can  be  improved  by  using  power  from  one  of 

the  main  engines,  thus  eliminating  the  hoisting  engine.  A  variable- 

speed,  friction  transmission  that  will  also  do  away  with  the  jack- 
shaft is  being  considered. 

The  platforms  holding  the  rollers  should  be  constructed  of  dura- 
ble wood  and  securely  bolted  to  the  deck.  Timbers  4  inches  square, 

spaced  about  18  inches  from  center  to  center,  form  the  fore  and  at'; 
sides  of  the  platforms.  The  horizontal  rollers  ma}'  be  of  hardwood 
or  of  pipe  with  end  plugs  and  should  have  a  diameter  of  at  least  4 
inches.  Probably  the  most  satisfactory  roller  is  specially  constructed 
of  cast  iron.  It  is  hollow  and  has  a  center  diameter  of  about  6  inches, 

increasing  gradually  to  10  inches  at  the  ends.  To  prevent  the  wire 

from  passing  over  sharp  corners,  curved  horizontal  and  vertical  out- 
board fenders  of  pipe  or  hardwood  are  installed  on  the  forward  plat- 

form. For  protection  of  floats,  the  forward  platform  should  be 
padded  with  old  rope  or  coir  matting.  At  a  distance  of  about  3  feet 
back  from  the  after  roller  and  6  feet  from  the  forward  roller  inverted 

U-shaped  guides  of  1-inch  pipe  or  solid  iron  are  provided  to  prevent 
the  wire,  when  slack,  from  flying  off  the  platforms.  A  similar  guide 
is  installed  just  forward  of  the  reel. 

An  automatic  winder,  based  on  the  principle  of  the  sewing-machine 
bobbin  winder,  has  been  de-vised  to  guide  the  wire  evenly  on  the  reel 

when  taking  in  drair.  AYith  the  one-eighth  inch  bottom  wire  this 
winder  is  not  essential. 

A  semaphore  machine  is  used  for  signaling.  This  machine  con- 
sists of  a  3-inch  galvani/.ed-iron  pipe  about  8  feet  long,  to  each  end 

of  which  is  attached  a  standard  iron  cross.  The  horizontal  vents  in 
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each  cross  are  plugged  and  bored  to  form  shaft  bearings.  Each  cross 

holds  a  double  shaft,  a  sprocket  being  keyed  to  each  shaft.  Corr-- 
sponding  upper  and  lower  sprockets  are  connected  with  bicycle  chain. 
The  upper  shafts  project  to  the  front  of  the  machine  and  carry 
wooden  arms  6^  feet  by  8  inches,  counterweighted.  The  lower  shafts 
are  reversed  to  project  to  the  rear  and  carry  iron  operating  le\v 

All  sprockets  are  of  the  same  size,  and  the  general  doign  i-  such  that 
an  arm  assumes  any  position  in  which  it<  operating  lever  i-  placed. 
The  machine  is  supported  by  a  base  pipe  extending  from  the  lower 

cross  down  through  the  deck  to  a  socket  on  the  keel.  This  pipe 
turns  freelv,  so  that  the  machine  can  be  turned  to  face  in  anv  di: •/  /  • 

tion.    One  side  of  each  arm  is  painted  red  and  the  other  .-ide  white, 

so  that  the  machine  can  be  seen  again-t  any  background. 
Rope  If  inches  in  circumference  is  used  for  the  towline, which  i-  in 

two  parts.  A  bowline  is  attached  to  the  bow  and  extend-  to  a  point 
about  10  feet  aft  of  amid.-hin-  on  each  nde  of  the  launch.  A  -te  •! 

hook  is  spliced  to  the  after  end  of  each  bowline.  An  intermediate 

section  (about  35  feet  long  for  a  GO-foot  launch  ).  with  an  rye  spli 
in  each  end.  extends  from  the  end  of  the  steel  towline  to  one  of  the 

bowline  hook-.  An  adju.-ting  line  of  1  ;-inrh  i«\><>.  \\  ith  a  No.  ."•  -:iap- 
hook  spliced  in  one  end.  i-  u.-i-d  to  di.-tribnte  the  towing  .-train  and  to 
lift  the  towline  clear  of  the  propeller  when  it  lies  close  along-ide. 

Jn  order  to  handle  the  drag,  it  i-  .-<>metime-  necessary  t»  t«\\  from 

the  bow.  "\Vith  this  arrangement  the  strain  can  be  applied  to  any 
point  on  the  launch,  and  the  drag  can  be  towed  from  either  -ide  bv 

t;  i.'hing  the  intermediate  section  to  the  proper  ho\\line  honk. 
If  the  drag  c;iiche-  on  a  .-hoal  when  working  in  a  strong  current, 

it  is  sometimes  de-irablr  to  avoid  exce-.-ive  -train-  by   immediately 

detaching  the  towline.      Fop  thi-  purp<>-e  a   tripping  de\  ice  n;av  be 

provided  at  one  end  of  the  ini  -ction.     A-  i    •          :on  of 

h  a   d<  however,   \s   not    entirely    -  ictory,   it    i-   probably 
best,  under  ordinary  working  conditions,  to  dii  with  i;.         :vle 

the  rope  and  -teel  towl'n  ,j  provide  a  means  f'-u-  .-ut- y  the  intermediai          ion  in  em« 
The  buoy  rack,  whirl.  jnply   a    !  ii    wood,   i 

sirurted  to  hold  i,:  ..ill  bi;  timber  commonly  u-ed.      A 

.all  davit  for  hoU;ng  the  large  buoy  aboai-d  i-  provided,     'i 
launch  should  be  equipped  with  an  am]  of  swivels,  shackles, 
and  other  fitting-,  pi'  ooks,  buoy  crank-,  l.^d   i and  should  carry  plenl  .        ̂ hts,  bottom  wi, 

The  equipment  on  the  end  launch  i- 

launch,  except  that  a  semaphore  maciiini-  i.-  no-  ,  and  only  a 
small  amount  of  spare  equipment  need  tried.      I  i' 
not  provided,  the  latin  ild  cany  wigwag  ti 
device  consi-ting  of  a  collnj  -  md  wh  •  ited 
l»y  a  i-opi'  pull. 
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i  vi  IPM:  NT  UN  TKNDKJ:-. 

The  large  tender  should  carry  a  -pan-  buoy  mid  weight,  s"Vcral 
bottom  wire  units,  -pare  fitting-,  lead  line,  drn^  te-tcr,  buoy  cranks, 
grapnel,  shoal-marking  buoy.  sextant,  record  book,  and  a  eopy  of  the 
signal  code.  On  the  New  Kngland  coast  a  power  lob-ter-pot  hoist 
may  be  installed  for  removing  fishing  gear. 

The  sounding  tenders  should  carry  lead  line-,  buoy  cranks,  mark- 
ing buoy,  sextant,  record  boo];,  and  .-ignal  code.  -VI!  tenders  -hould 

be  provided  with  water-tight  boxes  for  holdiiiLf  iii-trunn  • 

OPERATION   OF  DRAG. 

When  the  drag  is  towed  through  the  w.iier  it    is  ohvioi;.-  that   a 
certain  strip,  bounded  on  either  side  by  the  paths  of  the  large  end 
buoys,  which  are  directly  over  the  ends  of  the  drag,  is  covered  :  and 
that   any  obstruction  between  the  end  buoys  extending  above   the 
plane  described  by  the  bottom  wire  will  interfere  with  the  progi 

of  the  drag  (figs.  1  and  10).    To  survey  a  certain  area  it  i- 
sary  to  completely  cover  the  area  with  a  'in  of  overlapping 
strips,  with  drags  set  at  suitable  depths,  so  that  all  ob-t  met  ions 
therein  will  be  discovered,  or  it  will  be  proved  that,  the  area  i.-  free 
from  such  obstructions.  To  operate  efficiently  the  apparatus  de- 

scribed in  the  preceding  pages  the  following  are  necc.  sary  : 
1.  A  trained  organization  of  officers  and  men. 

il.  Suitable  instruments  for  obtaining  and  plotting  the  path-  of 
the  drag  and  locations  of  all  obstructions  found. 

3.  A  smooth  sheet  on  which  can  be  plotted  the  drag  strips,  obstruc- 
tions found,  and  effective  depths  obtained:  and  a  similar  for 

use  on  the  guide  launch  for  controlling  the  n<                   of  the  u 
and  depth  changes. 

4.  Tide  predictions  to  show  the  approximate  ,-taife  oi'  i.  •  at 
any  time:  and  all  available  data  regard ::                               the  a 

'  '.eyed. 
ur.rni  OF  I>I:A<;. 

Drag  depths  on  the  Atlanl'u-  Coa  ;'erred  to  th> 
mean  low  water.     It  is  considered  that  ai  .itiou  to  a  dept'i  -d' 
:."  i'"et  at  mean  low  wat  ' 

;le  an 

guard  submarine  navigation.     Ti-.- 
to  drag  deep-water  :  I  '"' 

pths  between  100  and  j  within  1 

torn:  and  to  dr;:  -pth-  less  I  to  wilhii: 
3  feet  from  the  bottom. 

"\Mien    tr.e   .!. 

usually  lift  slightly.    The  amounl  «.f  this 
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feet,  is  determined  by  tests  conducted  from  the  tender.  For  this  pur- 

pose a  tester  is  used  which  consists  of  a  one-half  inch  brass  rod  about 
3  feet  long  attached  to  one  end  of  a  small  chain.  This  rod  and  chain 
is  graduated  in  the  same  manner  as  a  lead  line,  the  chain  being  used 
to  insure  an  invariable  length.  The  tender  stops  a  short  distance- 
ahead  of  the  drag,  opposite  the  point  to  be  tested,  and  lowers  the 
tester  to  a  depth  about  equal  to  the  upright  length.  When  the  wire 
strikes  the  rod  the  tester  is  lifted  until  it  clears  the  wire,  and  the  dif- 

ference between  the  upright  length  and  the  reading  of  the  tester  when. 
it  clears  gives  the  lift. 
To  obtain  the  upright  setting  for  a  certain  effective  depth  it  is 

necessary  to  add  to  this  depth  the  lift  correction  and  the  height  of 
the  tide  above  mean  low  water  as  shown  by  predictions  which  are. 

usually  furnished  in  the  form  of  a  curve  to  a  suitable  scale.  "While 
predicted  tides  are  used  for  setting  the  drag,  the  final  reduction  is 
made  by  using  observed  values  obtained  during  the  course  of  the 

work  on  a  near-by  gauge. 
In  channels  and  in  deep  water  the  drag  is  usually  set  to  one  depth 

throughout,  and  for  the  latter  work  it  is  customary  to  avoid  depth 
changes  by  setting  the  drag  for  the  maximum  height  of  tide  that 
will  occur  during  the  day.  In  shoal  water  fairly  long  drags  can  be 
used  by  setting  the  drag  at  different  depths  to  conform  to  the  bottom 
contour  as  shown  by  soundings.  In  this  class  of  work  frequent  depth 
changes  are  necessary  in  order  to  allow  for  rise  and  fall  of  the  tide, 

to  conform  to  changing  bottom  contour?-,  and  to  avoid  shoals  pre- 
viously discovered.  In  this  class  of  work  it  is  not  considered  good 

practice  to  have  the  difference  in  length  between  adjoining  uprights 
greater  than  one-fortieth  of  the  distance  between  them. 

ORGANIZATION. 

•The  usual  party  organization  is  as  follows:  Guide  launch,  3  officer.-, 
marine  engineer,  recorder,  coxswain,  line  tender;  end  launch,  1  or  -2 
officers,  engineer,  coxswain,  line  tender;  tender,  drag  master,  engi- 

neer; sounding  tender,  1  officer,  engineer. 

SMOOTH    AM)    FIKI.I)    Sim. TV. 

The  smooth  sheet  is  similar  to  the  sheet  used  for  ordinary  hydro- 
graphic  work.  It  has  a  polyconic  projection  on  a  -cale  depending  on 
the  nature  of  the  work.  For  shoal-water  work  scales  of  1 : 10,000  and 
1:20,000  are  commonly  used,  while  for  deep  water  scales  of  1 : 30,000 
or  1 : 40,000  may  be  used.  The  positions  of  all  objects  used  for  control 
are  shown  on  the  sheet.  The  field,  or  boat,  sheet  is  similar  <<»  the 
smooth  sheet  and  contains  in  addition  a  compass  rose,  with  10-degree 
divisions,  a  scale  of  statute  miles,  and  complete  data  regarding  sound- 
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ings.  These  soundings  jiiv  c<ni\  enient  ly  entered  in  feet  with  bla<-k 

ink,  while  depths  on  shoals  found  with  the  drag  arc  Inter  eni'-red  with 
red  ink.  Another  method  is  to  show  nil  soundings  on  a  transparent 

celluloid  tracing  of  the  boat  sheet. 

srrri  \<;  OUT  DI:A<;. 

On  the  way  to  the  working  grounds  (lie  start  ing  point  for  the  day's 
•work  is  decided  upon  and  a  line  is  drawn  on  the  l>o;it  sheet  re;>iv-ent- 
ing  the  desired  path  of  the  large  buoy  nearest  the  guide  launch.  A 
line  parallel  to  this,  at  a  distance  depending  on  the  drag  length  that 
is  to  be  used,  is  drawn  to  represent  the  path  of  the  end  launch  large, 

buoy.  It  is  always  best  to  drag  as  fair  with  the  current  as  possible. 

When  dragging  against  or  across  the  current,  not  only  is  progress  re- 
tarded but  there  is  likely  to  be  considerable  variation  and  uncertainty 

in  the  lift.  In  regions  where  there  is  very  little  current  this  practice 

is  not  so  important.  The  heights  of  tide  at  hourly  intervals  during 

the  day  are  tabulated  and  the  uprights  are  set,  the  free  cable  being* 

coiled  near  its  buoy.  The  upright  length  and  initial  course  in  de- 
grees are  signaled  to  the  end  launch. 

The  drag  is  usually  set  out  from  the  launches  while  under  way. 

Arriving  at  the  starting  point,  the  guide  launch  heads,  at  slow  speed, 
on  a  course  about  at  right  angles  to  the  path  lines.  Two  floats  are 
attached  to  the  end  of  the  bottom  wire  and  it  is  passed  overboard 

through  the  after  guide.  In  setting  out,  the  officer  in  charge  main- 
tains a  general  supervision  and  directs  the  course  of  the  launch, 

another  officer  operates  the  reel,  the  third  officer  assists  with  the- 
buoys  and  checks  each  upright  setting  as  it  passes  overboard,  the. 

engineer  operates  the  engine  and  steers  the  launch,  one  hand  at- 
taches floats,  another  attaches  weights,  and  the  remaining  hand  tends- 

the  buoys.  At  each  connection  the  reel  is  stopped  while  a  float  is 

attached.  While  setting  out  a  section,  the  end  of  an  upright  is- 
pa-sed  through  the  guide  to  a  hand,  who  inserts  the  open  staple  of 
the  weight  through  the  swivel  at  the  end  of  the  upright.  When  the. 
last  float  of  the  section  is  attached,  the  clutch  of  the  launch  engine  is 

own  out,  and.  at  the  next  conned  ion,  the  reel  is  stopped  while  a 

weight  and  upright  an-  attached  by  inserting  and  lockinir  the  staple 
through  the  link.  The  launch  then  goes  ahead  and  a  h;.ml  holds  the 

upricrht  until  il  uncoils,  after  which  the  buoy  i-  thrown  overU.ard. 
The.~e  operations  are  repealed  until  all  the  bottom  \\ire  is  out.  The 
bottom  wire  is  then  disconnected,  and  the  free  end  on  the  reel  is  n.ade 

fast,  while  the  other  end  U  shackled  to  1  lu-  Maple  on  the  large  weight. 
The  towline  is  then  unreeled,  so  that  the  end  of  the  lower  part  of 

the  bridle  can  be  shackled,  together  with  the  lower  end  of  the  fa:  \ 

buoy  upright,  to  the  end  of  the  rod  on  the  larirc  \\eight.  The  end  of 

the  upper  part  of  the  bridle,  to  which  a  snap  hook  is  .shackled.  5-  at- 
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tached  to  the  large  buoy.  The  large  weight  is  then  lowered  on  r- 
board,  by  a  rope  bight  through  the  staple,  until  the  strain  comes  on 
the  towline,  the  reel  being  securely  braked.  The  reel  is  then  allowed 
to  turn  slowly  while  the  upright  runs  overboard.  It  is  stopped  while 
the  large  buoy  is  thrown  overboard  and  then  released  again  until  the 

strain  comes  on  the  buoy.  "When  everything  is  clear  of  the  pro- 
peller, the  launch  goes  ahead,  while  the  towline  is  set  out.  Two 

floats  are  attached  at  each  connection  except  at  the  end  of  the  bridle, 
where  three  are  used.  At  the  end  of  the  towline  a  buoy  of  sufficient 
size  to  support  the  end  on  the  surface  is  attached.  The  steel  and 
rope  towlines  are  then  connected  and  the  launch  is  ready  to  start 

dragging.  The  various  connections  are  shown  in  figuiv  '.'. 
After  about  two  sections  of  the  drag  are  set  out,  the  end  launch 

picks  up  the  end  of  the  bottom  wire.  If  this  launch  is  to  set  out  any 
bottom  wire,  it  is  done  in  the  same  manner  as  on  the  guide  launch; 
otherwise  the  end  of  the  wire  is  slui.  kle<l  to  the  large  weight  and 
the  large  buoy  and  towline  is  set  out,  after  which  the  officer  in 
charge  signals  that  the  launch  is  ready  for  dragging. 

During  the  early  stages  of  setting  out,  the  drag  is  likely  to  change 
its  position  considerably,  and  some  experience  is  required  to  select 
the  starting  point  in  such  a  manner  that  the  drag,  will  be  in  proper 

position  to  start  dragging.  After  two  or  three  Motion-  ;nv  out  the 

wire  and  buoys  offer  considerable  re-'iMance  and  the  -peed  of  the 
launch  may  be  increased. 

The  above  method  of  setting  out  can  not  I.,-  u-ed  to  advantage  in 
harrow  channels  or  in  shoal  areas  \\here  there  is  considerable  cur- 

rent. In  these  cases  it  is  be-t  to  anchor  the  launch  at  on«-  end  of  the 

path  line  and  let  the  tender  to\v  out  the  bottom  wire,  stopping  and 
starting  on  signal  when  the  weights  are  attached. 

DRAGGING. 

After  the  drag  is  set  out  the  launches  proceed  on  their  initial 

•courses.  It  is  obvious  that  each  launch  must  head  out  from  the.  path- 

-line  course,  the  difference  in  coui>e  depending  on  conditions.  When 
towing  with  very  little  current,  each  launch  may  head  out  10  or  20% 
while  in  strong  currents  the  difference  is  considerably  increased. 
Towing  speed  is  ul.-o  an  important  factor.  The  maximum  prac- 

ticable speed  of  drag  is,  of  course,  de-irable.  but  if  the  -\   !  is  e.v 
•sive  the  lift  is  likely  to  increase  and  the,  small  buoy-  tmv  under  so 
that  depth  changes  can  not  be  made.  To  adjust  speed  for  various 
conditions  calls  for  considerable  judgment,  and  no  fixed  rule-  can 
be  laid  down.  As  general  guides,  however,  it  may  be  >tated  that  a. 
40-horsepower  engine  will  usually  be  run  at  one-third  speed  for  a 
3,000-foot  drag,  increasing  to  full  speed  for  longer  drags,  and  that 
the  speed  should  not  be  so  great  as  to  cause  the  small  buoy-  to  to\v under. 
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The  tendency  to  lift  will  decrease  as  the  proper  e  fleet  he   dra 

width  is  approached,  and  a  gauge  for  this  width  is  obtained  by  hiv- 
ing down  the  path  lines  at  a  suitable  distance  apart.     The  most  effi- 

cient effective  width  will  usually  be  about  90  per  cent  of  the  total 

length  of  drag. 
As  the  drag  proceeds,  its  position  from  time  to  time  is  obtained 

by  methods   that    will   be   described  herein.     After   each    position 
necessary  alterations  in  the  course  to  keep  the  drag  on  its  path  can  .: 
be  made.     The  drag  depth  is  tested  as  frequently   as  practicable. 
When  towing  against  or  across  the  current,  the  frequency  of  t' 
should  be  increased.     Depth  changes  are  made  by   the   tender  on 
signal.     In  making  such  changes  care  must  be  taken  to  approach  the 
buoys  on  the  course  that  they  are  making  and  to  keep  headway  on  the 
tender  so  that  it  will  not  drag  on  the  upright  arid  lift  the  bottom 
wire. 

The  drag  master,  in  charge  of  the  tender.  i>  responsible  for  con- 
siderable important  independent  work,  and  should  be  the  mo-i  ex- 
perienced and  skillful  hand  in  the  party.  After  patrolling  and  tot- 

ing the  drag  he  will  be  able  to  '_rhe  the  ollicer  in  char-r  \aluable 
suggestion-  concerning  towing  -peed,  current  condition-,  etc, 

The  drag  proceed-  in  thi-  manner  until  a  -hoal  i-  found  or  the  end 
of  the  line  is  reached.  In  the  latter  case  the  drag  may  be  taken  up 

or  reversed  to  cover  an  adjoining  .-trip.  If  for  any  iva-on  tension 
is  removed  from  the  wire,  the  float-  tend  to  lift  the  wire  and  tin-  line 
ends.  It  should  be  noted  that  the  path  line-  need  not  be  straight, 

for  with  proper  management  the  dra--  can  In-  turned  at  any  anirle 
desired.  When  covering  an  aiva  with  overlapping  .-trip.-,  -mall 

areas,  called  "splits,"  may  remain  uncovered,  due  to  temporary  loss 
of  control  when  overlapping,  disco\ery  of  .-hoal-.  or  drag  failure. 
It  is  best  to  leave  these  -plit-  until  the  work  i-  nearly  ended,  for 
several  of  them  may  be  close  together,  30  that  time  can  be  -a\ed  by 
covering  them  with  one  -et-oiit. 

' 

5    I  i;«»i  . 

Drags  6,000  feet  and  under  in  length  arc  controlled  from  the  guide 
launch,  the  control  system  being  .-hown  in  figure  10.  The  po-itioii 
angles,  R  and  L,  between  located  objects  are  mea-ured  -imultaneoii-lv 
with  sextants  by  the  lir.-t  otlicer.  who  is  in  charge,  and  the  third 
officer.  The  first  officer  then  plot-  the  po.-ition  of  the  launch  by. 
means  of  the  standard  o-arm  protractor,  while  the  third  otlicer  im 

oires  the  angles  N'  and  F'.  the  angles  from  one  located  object  \n  the 
near  and  far  large  buoys,  respectively.  The  fir.-t  otlicer  then  ; 

special  instrument,  called  a  wire-drag-po.-ition  pmtra.-ior.  to  pint  the 

position  of  the  near  large  buoy  by  laying  oil'  it-  bearing  and  di-tanco, 
the  latter  being  the  towline  length  (0  to  X  in  the  diagram).  While 
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this  work  i.-  going  on  the  second  ollicer  signal.-,  lo  the  end  launch  and 
measures  the  angle  A,  and  the  otlicer  on  the  end  launch,  on  receipt  of 

signal,  measures  the  angle  S  and  signal-  it.  in  degrees  and  tenths.  In 

the  guide  launch.  Knowing  the  length  of  ihe  towline  base  ( )'  to  F 
and  the  angles  A  and  S,  the  second  ollicer  can  compute  the  distance 

O  to  F  on  a  special  circular  slide  ,  ule  called  a  wire-drag  computer. 
and  the  position  of  the  far  large  buoy  can  be  plotted  with  the  po-i 
tion  protractor.  Only  a  short  space  of  time  i-  required  bv  skilled 
observers  to  obtain  a  complete  position.  Positions  are  taken  at 
regular  intervals  of  from  2  to  10  miunies.  depending  on  the  nature 
of  the  work,  and  succe-si\e  positions  of  each  buoy  are  connected  bv 
straight  lines  representing  the  paths  of  the  buoys. 

ne  of  the  ̂ 9 

Fig.  10.— GUIDE   LAUNCH  CONTROL  SYSTEM. 

With  this  system  of  control  all  angles  must  be  measured  \  erv  care- 
fully, and  proper  care  must  be  taken  to  avoid  obtaining  distai 

under  unfavorable  conditions,  as  when  the  end  launch  i-  heading 
nearly  toward  or  away  from  the  guide  launch.  It  is  also  best  to 
introduce  a  factor  of  safety  by  using  a  base  less  than  ihe  actual 

length  of  towline.  The  actual  length  of  the  rope  towline  and  a  .".00- 
foot  steel  towline  is  about  102  meters,  while  for  computation  it  is 
considered  to  be  100  meters.  The  towline  base  should  be  checked  at 

least  once  during  the  season  by  observing  simultaneous  position  an- 
gles on  the  end  launch. 

Except  in  narrow  channel-,  the   length  of  the  -ice]   tnwline   i 
not  be  less  than  300  feet,   wiih   a    Kin-foot    bridle   and    a   200-fool 

straightaway.     For  deep  drair  work  ii   i-  best  to  add  a   loo-|',,oi  to\\- 
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line  unit  to  the  upper  and  lower  parts  of  the  bridle,  and  with  a  r.j 
foot  drag  the  tow  line  base  should  be  increased  to  -MA'  fee*,  (cousid- 
erecl  to  be  100  meters  for  computation)  by  adding  a  unit  to  the 
straightaway.  As  it  is  sometimes  difficult  to  see  the  far  large  buoy 

from  the  guide  launch,  it  is  customary  to  attach  a  watch  buoy  (fig.  •"•  \ 
so  that  it  will  tow  li  or  3  feet  behind  the  large  buoy.  This  buoy  may 
conveniently  consist  of  a  bamboo  pole  or  iron  pipe,  with  a  flag  or 
banner  at  the  top,  supported  at  the  middle  by  a  can  and  counter- 
weighted  at  the  bottom  so  that  it  will  float  upright. 

For  long  drag  work  each  launch  i-  supplied  with  a  boat  .-beet  «  n 
which  is  drawn  the  path  of  its  large  buoy.  Position  angle-  and  tin- 
angle  to  the  nearest  large  buoy  are  observed  and  plotted  on  each 
launch.  All  details  are  arranged  beforehand.  -o  that  very  little 
signaling  is  necessary.  A-  a  final  factor  of  safety,  all  overlaps  .should 
be  made  ample. 

The  time  Used  bv  the  tide  ob.-ervcr  -hould  be  cheeked  at  the  heufin- •  . 

ning  of  eaeb  day.  if  practicable,  and  the  time  used  by  the  subordi- 

nate launches  should  be  compared  with  guide-launch  time  -e\eral 
times  during  the  day. 

Three  special  instrument-  are  u-ed  for  plotting  \\ire-drair  work. 

the  position  protractor,  tin*  computer,  and  the  bno\  -pacer.  The  pro- 
tractor (fig.  11  )  consists  of  three  ring-,  the  lower  one  of  which  i-  of 

brass  and  carries  the  bearing  surface  and  an  extension  arm.  The 

upper  ring,  of  (Jerman  silver,  i-  graduated  to  degrees  idock\\ise 

from  0  to  360°  and  comiterdocku  i.,r  from  (I  to  180°)  and  is  attached 

to  the  lower  ring.  I'M  t  ween  the  upper  and  lower  ring-  a  narrow 
brass  ring,  with  tv,<  -  spokes  at  right  angle-,  turn-  freely.  One 

of  the  (TOSS  spokes  Carries  the  ''enter,  the  index,  and  a  removable 

scale  corresponding  to  i!,,.  scale  <>(  the  sheet  To  plot  the  position  of 
a  buoy,  the  center  i-  placed  over  (In-  boat  position,  the  edp-  of  the 
extension  arm  i-  placed  over  ihe  po-itioii  of  the  reference  object, 
and  the  index  i-  set  to  the  angle,  to  the  right  or  left  of  /.no.  corre- 

sponding to  the  hearing  of  the  buoy.  The  p«.-il!on  of  the  buoy  is 
then  plotted  along  the  edge  of  the  scale  at  the  proper  distance  from 
the  center. 

The  computer  dig.  11  i  i-  a  circular  slide  rule  consisting  ,,f  (U(, 
circular  disks.  t\\o  indicator-,  and  a  center  clamp  nut  SO  arranged 
that  the  upper  indicator  can  be  damped  to  the  upper  di-k.  leaving 
the  lower  indicator  and  di-k  free  to  rotate  around  a  rommou  center, 
Based  on  the  fact  that  the  sides  of  a  triangle  are  proportionate  to 
the  sines  of  their  opposite  angle-,  the  five  concentric  ares  are  30 
graduated  that  the  instrument  can  be  u-ed  to  compute  the  distance 
from  the  guide  launch  to  the  far  large  buoy  \\hen  the  angle-  and 
towline  length,  previously  described,  are  known.  All  linear  di-tan 
are  given  in  meter-.  The  method  of  operation  i  numl.erinu-  the 
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Fig.  11. — WIRE-DRAG    PROTRACTOR  AND  COMPUTER. 
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from  1  to  5,  from  the  center  toward  the  outside-  edge)  i.-  B& 
Set  upper  indicator  at,  proper  length  of  towline  ba-e  on  arc  1  and 
clamp.  Turn  both  until  indicator  i-  again-l  the  di-taii<v  angle 

(angle  A,  fig.  10)  on  are  5  for  angle.-,  :.  I  I'  or  Less  an.l  on  arc  '•'>  f'-r 
larger  angles.  Holding  the  disks  together  with  one  hand,  turn  the 

lower  indicator  to  the  signaled  angle  (angle  S)  on  arc  •_'.  The  dis- 
tance is  then  given  by  the  lower  indicator  on  arc  1. 

The  buoy  spacer  (fig.  12)  is  used  to  show  the  po-ition  of  nidi  in- 
termediate buoy  and  the  line  of  the  drag,  which  curves  between  the 

end  buoys,  at  any  time,  as  at  the  end  of  a  line,  when  tidal  changes 

alter  the  effective  depth  or  when  depth  change-  arc  made.  The 

spacer  used  in  the  field  consists  of  a  celluloid  strip  about  one-hal  f  inch 
wide,  on  which  two  full  lines,  ai  a  suitable  distance  apart,  depending 

on  the  scale  and  drag  length,  representing  the  end  buoys  The  spue.- 
between  these  lines  is  divided  into  a  suitable  number  of  e<|n;d  spa< 

each  representing  a  section,  by  shorter  lines,  each  of  which  represent  - 
an  intermediate  buoy.  To  use  this  spacer,  it  is  only  necessary  to 

bend  the  strip  so  that  it  will  curve  in  the  proper  direction  with  ea<-h 
end  buoy  line,  touching  the  position  of  its  corresponding  buoy,  as 

shown  by  the  buoy  path  lines.  The  edge  of  the  curve  against  the 

sheet  will  then  show  the  line  of  the  drag,  while  tin-  position  of  each 
intermediate  buoy  will  be  indicated  at  the  point  touched  by  its 

corresponding  line.  A  special  strip  must,  of  cour-e.  be  provided  for 
each  standard  length  of  section. 

For  office  work  a  more  accurate  spacer  has  been  devised  and  con- 
structed of  durable  materials.  This  instrument  consists  of  an  arm 

rigidly  attached  at  right  angles  to  a  strip  on  which  a  second  arm, 

parallel  to  the  first  and  provided  with  set  and  tangent  screw-,  slidee 

freely.  The  outer  end  of  each  arm  is  provided  with  a  .-wivd  plug  for 

holding  each  end  of  a  scale  graduated  in  the  same  manner  as  the 

celluloid  strip.  The  holder  is  of  brass  and  the  scales  of  thin  steel 

This  instrument  can  be  set  for  any  curve,  and  will  lay  on  the  smooth 

sheet  at  any  desired  position. 

SIGNAL   ^YS'IT.M. 

For  efficient  control  of  wire-drag   work   a    very  complete         >ial 

system  is  necessary.    Directions  from  the  guide  launch  are  sen!  with 

the  semaphore  machine.     The  end  launch    (if  not    provided   witl 

.-emaphore  machine)   and  the  lender-  use  wigwag  Mai.'-. 

tender  is  provided  with  a  black  Hag  for  sending  letters  and  a  black 

and  white  flag  for  numbers,  while  the  other  boats  use  red  tin-- 

letters,  and  red  and  white   for  numbers.     The  Morse  code 

for  letter-,  and  a  special  code  has  be 

code  is  as  follow.-,  the  dot  and  dash  being  repn  senti 
1  and  2: 

l.-l;2.-2;3.-ll;4.~22;5.-l2;6.      21 ;  7. 
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As  special  flags  are  u-ed  for  number-,  there  i-  no  po-ibility  «•!' confusion. 

For  brevity  in  direct  in?  and  recording,  tin-  large  end  buoy  neaiv-t 

the  guide  launch  is  designated  l.y  the  letter  X.  the  far  large  buoy  by 

the  letter  F,  while  the  intermediate  buoy-  are  numbered  consecu- 

tively, beginning  with  the  buoy  nearest  the  guide  launch  as  number  1 

(fig.  10).  Each  launch  i-  as-igned  a  letter  and  each  Mandard  opera- 
tion  or  maneuver  is  repri  !  by  ;i  letter  or  a  combination  of  two 
letters.  The  various  semaphore  p«^iti-  .iding  letter  or 
number,  and  meaning  of  each  letter  for  drag  work  are  diown  in  figure 
13.  The  letters  arc  in  accordance  with  the  standard  Navy  code,  but 

-he  numerals  an  ially  as-ignrd.  In  selecting  machine  p«»itimis 

for  the  numeral^  it  is  de-irable  to  avoid  u-ing  the  po-itions  corre- 

sponding to  the  letters  N  and  F.  tin-  h;rge  buoy  de-ignations  or  po-i- 

tions  correspond  in.  hat  ha\c  a  -pedal  -igniticance  to  the 

end  launch,  sucl  'Si  or  **  Take  up  drag."  To  avoid  c,,nt'usion 
the  end  launch  should  not  call  tin-  lendei  i-t  in  emergencies.  If 
tlie  -ervice-  of  a  tender  are  needed,  lie  -hollld  be  made  known  to 

the  guide  launch. 

MANAC.I    MINI    0V    -ll".\l  - 

When  the  drag,  ding  with  a  fail-  tide,  caiche^  on  a  shoal  the 
etlect  i-  noii.-ed  M'\  quickly  on  the  towing  hnmcl,*-.  They  lo-e 

headway,  ,-winir  in.  and  in  a  very  .-diort  time  the  buoy-  \\ill  b(>gin  to 
line  up  and  point  toward  the  >hoal.  If  the  drag  grounds  near  the 

end  launch,  the  ell'eet  may  lir-t  be  n.iticed  there,  or  the  tender  may 
ob<ei-ve  the  gnniM<ling  when  ling  the  drag.  In  the-e  cases  the 
laiiin'h  {}•  jioiind  Ortfi  to  the  guide  launch 

and  await-  in-t  met  ion-.  The  losing  launches  -top  and  the  tender- 

proceed  to  the  indicated  |  n  (.f  the  -hoal.  where  th'-v  sotmd  with 
lead  and  line  until  a  depth  !••—  than  the  ujtright  length  i-  found.  A 

marker  buoy  i-  then  Bet,  care  b"';ng  taken  thai  it  is  placed  back  of 
the  bottom  V  .  nd  the  large  tender,  on  -ignal.  dears  the  drag  ami 

the  work  proceeds.  Th--  -oin.ding  ten«ler  remain-  on  the  shoal  until 
the  ollicer  in  charge  i-  i  !»ly  -lire  that  he  lias  found  the  lea-1 

depth,  after  which  he  locates  tl  I  by  po-ition  angle-,  de-cribe-  it 
carefully,  pick-  up  the  marker  buoy,  and  rejoin-  the  towing  laimdie-. 
Position  angles  on  -hoaK  -honld  be  checked  by  an  angle  to  a  fourth 
object  or  by  mea-uring  the  sum  of  the  t  \\  <>  po-ition  angles.  The 

description  of  the  .-hoal  should  be  a-  complete  a-  po--ible  and  -hould 
include  the  nature  of  the  ob.-tniction.  ii  ral  sha|>e  and  extent. 
and  the  general  surrounding  depth. 

"When  proceeding  again-l  the  'intent  the  action  of  the  drag  on  a 
shoal  i-  not  'i-y.  The  buo\-<  will  not  line  up  >o  .|iiickly 
and.  if  the  laundie  -top.  the  drag  is  likely  to  drift  back  from  the 
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shoal.  In  this  case  it  is  usually  best  for  (In-  (owing  launch,-  to  if,, 
ahead  very  slowly  until  a  tender  run  pla<  e  a  buoy  al  the  indicated 
position  of  the  shoal. 

The  drag  will  sometimes  catch  on  wreckage  or  oilier  (.IM  met  ion  of 

such  small  extent  that  a  sounding1  can  not  be  obtained.      In  this  case, 
after  a  reasonable  length  of  time,  tin-  drag  is  cleared,  a   portion 
taken,  and  all  available  data   is  recorded,  the  upright    length  lu-inir 

considered  as  the  depth  on  the  obstruction.     All  shoal    an-  later  • 
ered  with  a  drag  set  2  or  3  feet  les-  than  the  depth   found,  to  make 
sure  that  this  is  the  least  depth. 

It  should  be  noted  that  a  smooth,  .-mall-grained   material,  BUch 
mud,  sand,  or  gravel,  will  not   necessarily  slop  the  drag,  while  rock 

or  any  hard  obstruction  will  slop  it  instantly.     The.  dra^  can  !"•  u  e.| 
to  find  mud  or  sand  shoals  by  placing  (he  buoys  fairly  close  together 

and  watching  the  drag  closely  foe  overturning  of  buo\  -. 
To  clear  the  drag  the  tender  usually  lifts  (lie  bottom  wire  near  the 

shoal  with  a  grapnel  or  by  hauling  up  an  upright,  takes  ii  across  the 
bow,  and  goes  ahead  toAvard  the  shoal.  Frequently  the  v.  ire  cornea 

clear  during  the  process  of  underhauling.  If  caught  too  hard  for- 
th is  the  wire  is  made  fast  at  the  bow  and  the  tender  proceeds  under 

power  to  break  it  out  from  the  bottom.  If  this  method  fail-  the 
wire  may  be  disconnected  and  hauled  clear  or  a  portion  ran  be 

abandoned.  If  the  shoal  is  extensive  the  sounding  tend-Ts  may  hold 

up  the  wire  at  different  points  or  the  uprights  may  be  shorten. -d 
until  the  drag  is  clear.  While  the  drag  can  usually  be  cleared,  time. 
in  some  cases  can  be  saved  by  taking  it  up.  After  the  wire  is  dear 

the  tender  holds  it  up  with  a  rope  bight  at  the  bow  and  signal-, 
to  the  towing  launches  to  go  ahead.  When  changing  ranges  or 

soundings  show  that  the  shoal  is  passed  the  tender  drops  the  \\in- 

and  reports  to  the  guide  launch,  so  that  the  line  ran  be  -tar-ted. 

RECORDS. 

All   operations   and   angles   in    wire-drair   work   are    recorded    for 

final  preservation  and  for  later  work  on  the  smooth  sheet.     A  sep;1 

rate  smooth  sounding  record  and  a  wire-drag  record  are  kept  for  each 

sheet.     The  end  launch  officer  record-,  for  future  comparison,  each 

angle  that  he  signals,  together  with  the  time.  ii  tender  record- 

all  data  obtained  on  shoals;  depth  rhange-.  giving  the  time  that  tin- 

change  started  and  ended,  the  new  depth  and  the  huo\>  involved  in 

the  change;  drag  tests,  etc.  All  data  in  regard  to  -h.mU  i-  lat.-r 

copied  from  the  tender  records  into  the  smooth  sounding  record  on 

the  guide  launch,  while  other  information  is  transferred  to  the  w 
drag  record. 
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The  wire-drag  record  on  the  guide  launch  i>  kept  in  the  following 
standard  form : 

r»m«i        WIRE-DRAG  RECORD 
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ii-cd  I'di-  cnnti-ul  and  the  iiianiiiT  in  \\liich  tlicir  loration-  ai'c  «>l>- 
tained.  togi-tlier  with  the  -Imrt  tiann-  a  —  igncd  to  them  fur  con- 

venience in  recording.  On  the  -econd  page  the  party  <>i  gani/at  ion 
is  given,  with  the  name  aixl  duties  of  each  member.  Kul.l.er  -lump- 

are  provided  for  insertion  ..('  d:.t;,  A\<™\\  at  the  top  and  l-nton.  of 
the  right-hand  side  of  the  record.  At  tin-  upper  left  hand  a  -tump 
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is  provided  for  insertion  of  initial  lengths  of  upright.  \Yhenever  a 

depth  change  is  made  during  I  lie  day,  I  hi-  .-tamp  is  n-ed  and  tin- 
blanks  are  filled  in  except  for  the  times  of  start  and  end.  which  ore 

obtained  later  from  the  tender  record.  At  each  po.-ition  I  IK-  time, 
position  angles,  buoy  angles,  distance  angle,  signaled  angle,  and 
distance  are  entered,  as  shown,  in  the  order  named.  A  buoy  angle 
is  considered  as  plus  if  the  buoy  is  to  the  right  of  the  object,  and 
minus  if  to  the  left.  When  the  drag  catches  on  a  shoal,  an  ex- 

cellent check  on  the  shoal  position  i>  obtained  by  ob-crving  and 
recording  a  bearing  to  the  indicated  position,  with  a  note  as  to  the 
number  of  the  buoy  nearest  the  shoal.  It  -hoiild  be  noted  that. 

when  the  drag  lines  up  on  a  shoal,  a  final  di.-tance  to  the  far  large 
buoy  is  not  necessary,  as  its  position  is  given  by  the  hearing  and 
the  known  length  of  the  drag  from  the  near  large  buoy  around  the 
shoal. 

Successive  days  are  lettered  in  order  and  corresponding  days  in 

the  wire  drag  and  sounding  records  are  given  the  same  letter.     K\- 
planatory  notes  should  be  entered,  when  necessary,  in  the  wire-di 
record,  and  every  care  taken  to  make  it  a  clear  and  complete  record 

of  each  day's  work. 
For  long  drag  work  positions  are  recorded  on  the  end  launch  and 

later  transferred  to  the  right-hand  angle  column  of  the  guide-launch 
record. 

REPAIRS. 

If  the  engine  on  one  of  the  towing  launches  stops  for  a  brief 

period,  the  other  launch  may  proceed  slowly  and.  by  keeping  tendon 
on  the  .wire,  avoid  ending  the  line.  If  the  delay  is  likely  to  be 

lengthy,  the  tender  may  tow  the  disabled  launch  while  repairs  arc 
being  made. 

If  the  drag  parts,  it  may  be  connected  by  the  tenders  towing  the 

broken  ends  together  and  inserting  a  new  unii.  while  the  towing 

launches  reverse  and  converge  to  lessen  the  strain  on  the  drag.  In 

some  cases  it  may  be  expedient  for  one  of  the  towing  launches  to 

drop  the  towline  and  help  tow  the  ends  together. 

SI   I'IM.KMKNTAh   SOI   M>1M.-. 

In  regions  where  few  soundings  have  been  obtained,  additional 

soundings  may  be  obtained  from  the  large  tender,  which  sounds  at 

various  buoys,  as  directed,  while  the  drag  is  under  way  and  records 

the  sounding,  time,  and  number  of  the  buoy  at  which  the  sound 

is  obtained.     As  the  position  of  the  buoys  at  any  time  .  an  be 

on  the  sheet,  each  sounding  so  obtained  ran  later  be  plotted  in  its 

proper  position  on  the  smooth  sheet. 
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TAKlXd    IN    DKAG. 

To  take  in  the  drag,  the  reel  engine  is  started  and  the  launch 
stops  and  goes  astern  a  little,  so  that  the  end  of  the  steel  towline  can 
be  hauled  aboard.  This  is  detached  from  the  rope  towline  and  at- 

tached to  a  line  leading  forward  over  the  platform  and  back  to  tin* 
reel,  where  it  is  attached  to  the  towline  compartment.  The  launch 

then  swings  and  heads  toward  the  large  Uioy.  while  the  reel  i- 
operated  at  slow  speed  to  take  in  the  towline.  A-  the  floats  conn- 
aboard  the  reel  is  stopped  while  they  are  detached  by  a  hand  at  the 
bow.  When  the  strain  of  the  weight  comes  on  the  towline.  the  large 

buoy  will  capsize  and.  with  proper  launch  handling,  will  come  aid- 
side  on  the  starboard  side.  The  upper  part  of  the  bridle  is  de- 

tached from  the  buoy,  and  the  large  weight  is  then  reeled  aboard. 

The  buoy  is  hoisted  with  the  davit,  and  it.-  upright  i.-  hauled  aboard  a- 
soon  as  it  is  detached  from  the  weight.  Tin-  free  end  of  the  towline 
is  then  made  fast  to  the  reel,  while  the  end  of  the  bottom  wire  on  the 
reel  is  unfastened  and  led  forward.  The  end  of  the  bottom  wire  i- 
detached  from  the  weight  and  connected  to  the  five  end  from  the 

reel,  after  uhich  the  launch  head.-  along  the  line  of  the  drag  while 
the  reel  is  operated  at  high  speed.  The  launch  -hould  head  in  .such 
a  manner  that  the  wire  will  lead  a  little  oil  the  .-larboard  bow  and 

should  not  go  fa>t  enough  to  overrun  the  wir-  each  lloat  and 
weight    come-   a  boa  r«l    lh>  -topped    while   they    an-    detached. 

The  buoy-  ale  hoisted  Aboard  on  the  -larboard  -ide  and  placed  in 

the  rack,  with  uprigh'  1  out  of  the  \\a\.  The  end  launch  take- 

in  drag  in  the   -  manner  until   within   almnt   two  .-eetion-   from 
the  guide  launch,  when  -he  disOODnectfl  the  bottom  \\iiv.  |ea\ing  the 
remainder  of  the  drag  to  be  taken  in  by  the  guide  launch. 

On  the  way  in  from  the  working  ground-  the  data  in  the  tender 
record-  i-  eopied  i:i  the  .-mooth  sounding  and  wire -diag  iv,  ord>  and 
checked,  signaled  angle-  are  compared  from  the  end  laiin.  h  record, 
and  the  float-  and  weight-  are  brought  aft  in  readme--  for  the  ne\i 

duv's  work. • 

SHORE  WORK   ON   DRAG. 

There  is  a  -iitlicieni  amount  of  necc.-sarv  maintenance  work  on  the i 

equipment  to  keep  the  party  employed  during  period.-  when  unfavor- 
able weather  condition-  pre\eni  dragging.  For  tin-  purpo-e  a  work- 
shop and  a  co \ered  -pace  or  wharf  of  -utlieient  lengt  h  to  permit  -t  retch- 

ing of  bottom  wire,  towline  units,  and  upright-  .-hould  be  provided. 
The  maintainaiice  work,  which  is  done  under  the  direct  supervi-iou 
of  the  drag  ma-ter.  include-  the  painting  of  floats  and  buoys  with  red 
lead  for  protection  ;,,,d  (,,  increase  tin-  vi-ibility  of  the  'alter  in  tin- 
water:  frequent  repainting  of  upright-:  the  preparation  of  ne\\ 
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parts;  general  repair  work  on  equipment    and  engine-,  and   the  ,ip 
keep  of  the  launches. 

The  party  should  be  provided  with  an  ample  supply  of  -hip 

chandlery,  such  as  If-inch,  15,  '.».  and  i\  thread  rope,  tarred  marline. 
paints,  and  oils,  etc.;  and  a  complete  set  of  carpenter  and  ma<-hiiie 
shop  tools,  including  a  grindstone,  emery  wheel,  drill  press,  black- 

smith's forge,  anvil,  and  possibly  a  small  machine  lathe. 

OFFICE  WORK. 

The  office  work  on  shore  includes  the  necessary  account  in^  ;,,  ,.,,,,. 
nection  with  the  finances  of  the  party,  reduction  of  record-,  plotting 
on  the  smooth  sheet,  and  miscellaneous  work.  For  this  \\ork  a  well- 

lighted  office  of  sufficient  size  to  hold  two  dra  ft  ing  table-,  a  de.-k.  one 
or  two  office  tables,  and  a  chart  rack  should  be  provided  if  practi- 
cable. 

REDUCTION   OF   RECORDS. 

To  reduce  the  records  (see  sample  page  of  record),  the  upright 
length  is  entered  in  the  proper  column  at  the  top  of  each  pa^v  and 
where  it  is  changed  by  a  depth  change.  The  correction,  as  shown  by 
tests,  is  entered  and  subtracted  from  the  upright  length  to  obtain  the 
drag  depth.  If  there  is  a  correction  for  swell  it  will  be  noted  by  the 
officer  in  charge  and  will  be  added  to  the  correction.  For  deep  drag 
work  a  factor  of  safety  may  be  introduced,  at  the  discretion  of  the 

chief  of  party,  by  adding  a  foot  or  two  to  the  lift  shown  1>\ 
Tidal  reducers  are  entered  in  the  same  manner  as  for  ordinary  hydro- 
graphic  work  and  applied  to  the  drag  depth  to  give  the  effective 

depth.  If  the  tidal  change  occurs  between  two  positions,  it  is  shown 

at  the  preceding  position  if  it  decreases  the  effective  depth,  and  at  the 

succeeding  position  if  the  contrary  is  true.  All  distance-  mn-t  be 
checked  by  recomputation. 

At  the  end  of  each  day  in  the  record  an  effective  depth  diagram  i.- 
entered.  This  diagram,  which  is  simply  a  summary  of  all  effective 

depths  obtained  during  the  day,  is  entered  in  the  follow  ing  form  : 

Position  Knii:irk< 

13  ir, 

1  •'•  I'' 

::  i     -* 2.&-6.4 

44 

8  N   '2  .   K  Tide 

The  first  entry  shows  the  initial  effective  depth.-,  the  letter  I>  indi- 

cating that  the  line  begins.  It  should  lie  noted  that  no  eil'ort  IS  made 
to  show  the  depths  of  an  inclined  -ret inn  between  two  different  up- 

right lengths.  The  lesser  depth  is  considered  ;ni:  ln»ri/«Mi- 
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tally  to  the  first  upright  set  at  a  gieau"  depth.     Chus  at  the  beginning 

of  the  day  the  path  of  buoy  Xo.  <.'•  }<  the  dividing  line  bet  ween  depths. 
If  the  difference  between  the  upright  length-  had  been  greater  than 
one-fortieth  of  the  length  of  section,  the  leaser  depth  would  be  ex- 

tended over  one  more  section  and  the  path  of  buoy  Xo.  7  would  be  the 

dividing  line.  The  second  entry  show.-  the  depth  change  made  in  the 
direction  of  the  arrow.  As  the  depth  is  decrea-ed  the  change  extend- 
automatically  to  buoy  2  as  soon  as  buoy  3  is  changed.  The  fractional 

position  numbers  show  that  the  change  started  between  positions  '2 
and  3  at  a  time  when  buoy  Xo.  o  had  traversed  <>>  of  the  distance  be- 

tween the  two  positions,  and  that  it  ended  \\hen  buoy  F  had  tra  \ersed 

0.4  of  the  distance  between  position-  <'•  and  7.  At  posh  ion  No.  >•  an 
increase  of  1  foot  in  the  effective  depths,  due  to  tidal  decrea-e.  is 
indicated. 

When  the  drag  part-,  care  should  In-  taken  to  eliminate  uncertainty 
by  the  rejection  of  a  -ntlicient  number  of  po.-iiion-. 

\\  (  >I:K   ON    -  \i.  »  rni    -n  i  1.1  . 

For  plotting,  the  smooth  -heel  -ie.-ted  by  tracing  cloth  held 
securely  in  place,  with  -mall  hole-  cin  ihrough  o\er  each  control  ob- 

ject position  on  tin-  -beet.  A  number  of  boat  position-  are  ploiied, 
after  which  the  buoy  position-  arc  plotu-d  and  pricked  through  on 
the  smooth  sheet.  The  SUC  buoy  p<>-itioii-  aiv  ••oniiecu-d  by 
straight  lines,  using  a  pencil  hard  enough  to  indent  (he  smooth  -bed. 
Care  imi-t  be  taken  to  plot  the  buoy  po-ition-  within  a  iva.-oiiable 

time  after  the  boat  positions  lest  the  tracing  chfl  •_•  'i-  position  \\ith 
relation  to  the  sheet.  The  tracin-  moved  while  the  path 
lines  are  drawn  in  pencil  on  the  -mooth  -beet.  K\er\  fifth  po-ition 
is  indicated  by  it-  number  and  the  Inter  of  the  alphabet  assigned 
to  the  day.  using  ink  of  one  certain  color.  The-c  number-  -hould  be 
entered  only  on  the  guide-launch  -ide  of  tin-  -trip.  The  curved  line 

of  the  drag  is  dra\\  n  ;:(  the  end  of  each  -trp.  u-'niL1"  i  he  btmy  -pacer. 
The  positions  of  all  shoal-  discovered  during  the  day  are  plotted. 

either  immediately  before  or  after  plotting  the  day's  \\oi-k.  and  num- 
bered as  for  the  drag  position-.  When  a  drai:  -trip  end.-  on  a  -hoal. 

care  must  be  taken  to  extend  the  line  of  the  drag  back  of  the  -hoal. 
After  the  various  strip.-  are  plotted  in  pencil  they  are  siibdh  ided  to 

show  effective  depth-  by  the  method  indicated  in  lii/nre  IL'.  For 
changes  due  to  tide  the  line  of  the  draii  ̂   drawn  with  the  spacer  at 

the  proper  point.  Depth  change-  are  -hown  by  connecting,  with  i 
line,  the  position  of  the  first  buoy  involved  ai  ll  the  cha1 

started  and  the  similar  position  of  the  !,i  ;  buoy  <'hanged.  If  the 
change  affects  less  than  half  the  drag,  the  tuo  po-ition.-.  are  con- 

nected by  a  straight  line.  If  more  than  half  the  drag  is  changed,  it 
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is  best  to  locate  the  middle  buoy  involved  at  the  (inn-  it  was  changed. 

assuming  a  uniform  rate  of  change,  and  l<»  connecl  the  thn-.-  points 

with  a  smooth  curve.  With  a  drag  set  at  diH'erent  depth-,  the  divid- 
ing lines  are  obtained  by  plotting  the  p<>-m<»iis  <.f  tin-  dividing  l,Uo\x 

at  each  drag  position  and  connecting  sneeerdin^  bu<i\-  portions  with 
straight  lines. 

CELLULOID  BUOY    SPACER 

F 5 N 

Sca/e 

c )      ( 
'. 

J      < 5 V        3        2 

f:20000 WOSectior 

Drag  Strip  subdivided jb     according  fQ  sample  f/aje 
of  record. 

Fig.  12.— BUOY  SPACER  AND  SUBDIVIDED   DRAG  STRIP. 

After  a  strip  is  subdivided  each  subdivision  i-  outlined  with  <•<>!- 
ored  ink  in  accordance  with  the  follow ini:  ••olor  scheme-,  and  with 
the  rule  that  deeper  areas  are  completely  surrounded  with  a  line  of 

the  proper  color,  while  areas  of  le-s  depth  arc  -un-minded  by  the 

proper  color,  except  where  they  adjoin  an  area  <>!'  greater  depth: 
19  feet  and  under- .  !'.r.»\vn. 
20  to  29  feet_.  _YeDow. 

30  to  39  feet_.  !•  ue. 
40  to  59  feet    -K<'<1. 

60  to  79  feet  l'urj.].\ 
80  feet  and  over__ 

Each  area  has  one  or  more  light  line-  extending  across  it.  with  a 
for  a  numeral  representing  the  difference  between  the  effective 
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depth  and  the  color  base.  Thus  an  area  dragged  to  04-  feet  will  be 
surrounded  with  an  orange-colored  line  and  contain  the  numeral  14. 
In  figure  12  the  full  depths  are  indicated  by  the  numerals,  a?  the 
surrounding  colors  are  not  shown.  When  the  strips  are  inked,  cor- 

responding positions  of  X  and  /•'  are  indicated  by  short  line-  drawn 
from  each  toward  the  other.  Each  fifth  position  is  indicated  by 
slightly  longer  lines. 

In  shoal  localities,  where  an  area  may  be  covered  several  times  by 

drags  set  at  different  depths,  the  subdivision  de-crihed  above  may  be 
simplified  by  tracing  each  strip  a-  it  i-  plotted,  subdividing  the  strip 
on  the  tracing  and  then  transferring  the  subdivisions  to  the  smooth 
sheet. 

The  foregoing  system  of  indicating  drai:  depths  is  superior  to  anv 
method  that  has  been  used  before.  While  it  involves  two  a  — ump- 
tions  that  are  not  always  true —namely  that  the  greatest  ordinate 
of  the  drag  curve  i-  at  the  middle  and  that  the  rate  of  depth  change 

is  uniform — any  -mall  ina--«-iii-ae'u->  are  more  than  o!l'-et  by  the  greater 
economy  secured  by  the  iix-  of  a  long  drag  in  shoal  areas.  It  is 
necessary  to  u-e  judgment  in  special  caSBE  and  to  perform  each  opera- 

tion very  carefully.  Any  discrepancies  should  be  noted  ami  referred 
to  the  chief  of  party. 

Kubber  -tamp-  <-o\ering  each  operation  ,,('  reduction  and  plotting, 
with  space-  for  the  initial-  of  the  per-ons  making  and  checking  such 

operations,  are  provided  for  insertion  at  the  end  of  each  day  in  tin- 
record. 

SPEED  AND  AREA  COVERED. 

The  rapidity  with  which  an  area  can  In-  examined  i-  one  of  (In- 

most valuable  feature-  of  \\ire-di  j  >r\<.  The  average  -peed  of 

the  drag  in  water-  where  there  i-  no  current  i-  about  \\  mile-  per 

hour,  and  it  requires  from  K»  to  -_'o  minute-  to  -et  out  or  take  in  a 

•l.oon-t'oot  drag.  The  time  required  for  longer  drags  is  not  corre- 
spondingly increased,  a-  a  con-iderable  part  of  the  time  imohed  i- 

rcquired  to  set  out  and  take  in  die  large  weight,  buoy,  and  towline. 

In  deep  water,  where  long  drag-  can  be  u-ed.  an  area  of  10  square 

miles  i.-  fm|ueutl\  covered  in  a  .-inirle  .lay.  while  during  the  p.i-t 

season,  in  a  region  \\  here  the  current-  an-  -tronir.  an  area  of  •_'.".  square 
miles  was  dragged  in  one  day.  In  shoal  areas  the  area  that  can  be 

dragged  in  a  day  i-  con-iderably  reduced  and  may  be  le-,-  than  1 

square  mile  if  numerou-  shoals  are  l'..mul.  I  >ui  iiiLr  one  day's  work  in 
Florida  in  i'.'i:1.  a  wire-drag  party  discovered  1-"'  separate  shoal.-.  In 
regions  where  the  -hoal  and  deep-water  work  are  about  evenlv  divided 

an  average  of  about  3  square  miles  may  be  expected  f<,r  each  full 
working  day  during  a  season. 



THE   WIJII-:  DRAG. 

Ma- 
ihine 

Better 
lumber Moaning Ma—  [Latter 

chinoRumbor 
Meaning 

1 
A 
1 

Take  angle  (to  E,L.) 
•^ 

0 
Out  10  degrees, 
(away  from  G.L.) 

1 
B 
3 

Begin 3 p Drag  parted. 

} 
C 
5 

Repeat  last  massage, 
or  angle. i Q 

6 Dead  line. 

I 
D Take  up  drag. T R 

Turn  back  after  next 

position,  if/Bu  is not  Riven  before. 

f 
E 
7 

Launches  change 
ends  of  drag. T S 

Stop. 

r P Par  large  buoy* 
Paster  (to  S.L.) 1 T Anchor. 

IN 0 
9 Drag  aground;  Stop. Y U Attention. 

I  understand. 

R 
2 G.L.  call  letter. t V Stopped  by  engine 

trouble. 

V I In  10  degrees, 
(towards  G.L.) f W Wait.  Stop  till 

farther  signal. t- J 
4 Annul  last  message. f I 

8 
Lobster  pots. 
Renove  lobster  pots. 

4 K 
E.L.  call  letter. V t Q.L.  Small  tender. 

Call  letter. 

4 L Slower. F 
Z 
0 

E.L.  small  tender. 
Call  letter. 

T M Large  Tender. 
Call  letter. r Change  letters  to 

numbers  or  vice  versa. 

^ N Near  large  buoy. > Course  follows  in 

degrees  from  0  to  360-. 

U-B Connect  drag  by  towing  broken  ends  together. 
0-C 
U-C-R 

Clear  drag  to  continue  line. 
Clear  drag  to  reverse  lino. 

D-D 
Disconnect  drag,  (to  tenders  only]" U-H Underhaul  drag  to  locate  shoal 

0-M Measure  towline  base Measure  towiine  oase.     

When  drag  is  parted,  reverse  and  head  in  to  aid  tenders^ U-R 
0-S 
D-T 

Send  least  water  found  on  shoal » 
Test  drag  depth. 

Fig.  13.-WIRE-DRAG  SIGNAL  CODE. 
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COST   OF  WIRE-DRAG  WORK. 

The  costs  of  wire-drag  work  vary  through  a  wide  range  and  are 
affected  by  numerous  conditions.  On  the  coast  of  New  England, 

for  example,  fishing  gear,  such  as  lobster  pots  and  trawls,  inter- 
feres with  the  work  and  must  he  removed.  To  effect  thi-.  it  is 

necessary  to  divide  the  area  to  be  dragged  into  small  section-  and  to 
drag  each  section  separately.  When  a  section  is  to  be  dragged,  its 
corners  are  buoyed  and  fishermen  are  notified,  so  that  they  can  remove 

their  gear.  This  procedure  prevents  the  planning  of  work  to  take 
advantage  of  different  weather  and  current  conditions  and  adds 
greatly  to  its  co-t.  Likewise,  in  narrow  channel-,  the  length  of  drag 
is  limited,  and  in  many  cases  the  currents  are  so  strong  as  to  prevent 

work  except  at  or  near  -hick  water.  In  all  regions  the  cost  increases 

with  the  number  of  -hoal-  that  are  1'oiiud.  To  illustrate  the  diffi- 
culty of  giving  a  clear  idea  concerning  the  co>t  of  drag  work,  it  may 

be  stated  that  in  I'.'K.  a  wire-drai:  party  -nrveved  an  area  of  135 

-quare  miles  in  Cape  Cod  I  lay  at  a  cosi  of  >'l(1  per  -quare  mile  and 
that  later  in  the  B6MOD  tin-  -aim-  party  -urveved  1.7  -quare  mile-  in 

the  Kast  "River.  X.  Y..  near  Ildl  (late,  at  a  co-t  of  Sl.-JDi)  per  square 
mile.  Thi-  -ill  jeci  is  di-cu--rd  more  fully  in  Special  Publications 
Xo-.  -_".i  and  84 

CONCLUSION. 

While  the  elaborate  apparatu-.  operating  equipment,  and  -pccial 

lalinche-  de-cribed  in  the  preceding  p=igc-  have  been  perfected  for 

the  purpo-r  of  increa-in;:  th--  rlViciency  and  con-.eqiient  economy  of 

wire-drag  work,  it  -hould  be  rrnieiiib<-i-ed  that  the  principle  of  the 

wire-drag  is  \  ei -y  -iniplr  and  IS  al\\  ay-  a\  ailable  to  the  liydrographer. 
Lacking  special  e«jnipnient .  a  drag  can  be  improvised  for  work  of 

-mall  extent  by  using  material  at  band,  sii'-h  a-  telephone  or  sounding 
wire,  oil  can-,  sounding  lead-,  etc.,  and  operated  in  fair  weather  from 
whatever  launches  arc  available. 

The  use  of  -iieh  equipment  will  not  l>e  eniirdv  LCtOTy,  luit  it 

can  not  fail  to  be  of  value  in  all  CB86&  v\  hei'e  -uch  a  «le\  ice  i^  needed. 

o 
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